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TOM TAT

Pé diéu khién thiét bi bay trong khong gian thuong phai su dung hai may lai, mot cho kénh tam
va mot cho kénh huong. Tuy nhién, voi Zhlet bi bay mot kénh chi sir dung mot may lai don dé diéu
khién. Bang viéc quay quanh than mot toc do on dinh da cho phép voi chi mot may ldi don c6 thé
diéu khién duwoc thiét bi bay di moi hwong. Voi phwong phap diéu khién thiét bi bay bang mdt may
ldi ro le don cuec sé cho phép sir dung két cau don gian va tinh tac dong nhanh cia may ldi role
nhung lai giam dwoc dao dong khi thiét bi bay dén gan muc tiéu. Bai bdo sé phan tich danh gid
phiong phdp diéu khién thiét bi bay mot kénh sir dung may ldi ro le don cuc. So sanh véi triong
hop khi sir dung may ldi khdc dé dwa ra nhitng wu, nhwoc diém ciia phwong phép dé xudt.

Tir khoéa: Thiét bj bay mot kénh; May 14i ro le; Pidu khién mot kénh.
1. MO PAU

Diéu khién thiét bi bay voi mot cip canh 14i tap trung vao viée thay dbi goc cua cap canh lai
dé diéu chinh huong va d6 cao cua TBB. Khi cdp canh lai dugc diéu chinh hop 1y, nguoi didu
khién c6 thé d& dang klern soat chuyén dong cia TBB theo phuong ngang va phuong thing
dung. Phuong phép nay rat quan trong trong viéc duy tri tinh 6n dinh va diéu khién chinh xéc cac
TBB cu thé. Piéu khién TBB sir dung mot cap canh lai 1a mét phuong phap don gian, trong do,
TBB chi ¢c6 mét b phan diéu khién duy nhit dé thay d6i huéng hodc tu thé cia TBB. Cip canh
lai nay co thé 1a canh lai do cao hodc canh lai hudng, tuy thudc vao thiét ké cua TBB. Trong
nude va qudc té ciing dd ¢ cac nghién ciru vé phuong phap diéu khién mét kénh sir dung may
14i ro le hai cyc tinh [1, 4, 5], may lai lién tuc [2] nhung chua c¢6 nghién ctru dbi Vi may 1ai ro le
don cuc. Bai béo s& dua ra va phan tich danh gia phuong phap diéu khién thiét bi bay mot kénh
su dung may lai ro le don cuc.

2. MO HINH CHUYEN PONG CUA THIET BI BAY MOQT KENH

Thiét bi bay mot kénh (TBBMK) chi 1a truong hop riéng ciia cac loai thiét bi bay diéu khién
phé thong. Do vay, cac phuong trinh dong hoc ctia né dugc xay dung hoan toan dua trén co sé 1y
thuyét bay di nghién ciru khi xét dén dic diém riéng cua loai thiét bi bay nay trong cac phuong
trinh diéu khién thiét bi bay xung quanh tam khdi.

Débi v6i TBBMK c6 thé chon hé toa do lién két nhu sau: truc Ox: trung voi truc doc cua thiét
bi bay mot kénh, Oz; 14 truc song song v6i dudng ndi hai co cau lai va truc Oy: vudng goc voi
Ox: va tao thanh mat phing ddi xtng cia TBBMK. Nhu vdy, cdp canh lai chi quay quanh truc
song song véi truc Oz;. Cach didu khién nay co chii y tao ra goc tin cho TBBMK ma khong tao
ra goc trugt canh cho no.

Ta c6 thé xem xét quan hé giita goc tan o TBB voi tac dong diéu khién 8 nhur khau dao dong,
khi d6, phuong trinh mé ta twong quan giita 1énh diéu khién g va goc tan a 1a [3]:

a+C,a+C,a = ay,.5, (1)

Dé nghién ctiru dong hoc bay TBB thong thudng s& gia thlet cac gia tri goc nghiéng quy dao 0,
goc hudng quy dao W, goc chiic ngoc 9, goc hudng w va goc tan o ¢ gia tri nho [6]; van tde bay
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c6 gié tri khong d6i @,, = const . So d6 md hinh tong quat mé ta chuyén dong tim khoi ciia thiét
bi bay 1én xubng va dat suon nhu hinh 1 [1].

Hinh 1. Dang thiét bi bay diéu khién mét kénh.

9
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Hinh 2. Chuyén déng ciia thiét bi bay mét kénh.
V© . .
Trong d6: k =a,, /C,; D:[P+C;"D—Sj/mv; o - Goc tan; C- Hé so khi dong
2

TBB ¢6 goc tan; p—He¢ s6 nhat khong khi; P - Luc déy dong co; m- Khdi luong TBB; S - Dién
tich thiét dién dic trung; V - Vecto van tdc tam khoi tén lira.
3. LUC VA MO MEN PIEU KHIEN CUA MAY LAI RO LE PON CUC
Dé phan tich lyc va md men diéu khién TBBMK, xét chuyén dong c6 diéu khién cua thiét bi
bay trong khong gian.

Yg Mak
S Wx1

Zq

Hinh 3. Luc va mé men diéu khién tic dong lén thiét TBBMK.

P - Trong tdm thiét bi bay; PXyYoZy - Hé toa do co  dinh, w1 - Toc do goc quay cua thiét bi bay
quanh truc doc; Ra - Lwc diéu khién tac dong lén canh ldi; Ma - M men diéu khién TBB;
a - GOc tan; 9 - GOC chiic ngoc vec to téc do; &5- GOc léch canh ldi.

Khi chuyén dong, thiét bi bay quay quanh truc doc véi tbe do goc @, , mit phing canh 14i
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quay theo. Lyc khi dong R tic dong 1én canh 1ai tao ra mé men M, diéu khién thiét bi bay.

Moi thoi diém, lyc khi dong téac dong 1én canh léi la: R, ¢’ PV LS 50, )

Véi mat phéng canh lai chi quay quanh truc Ozy, ta c6 véc to luc khi dong 1én canh lai chiéu
1én toa do lién ket Oyiz; vudng goc voi truc Ozi. Néu TBBMK quay theo chiéu am (chiéu kim
dong ho) céac luc thanh phan dugc xé4c dinh bang biéu thic sau:

_ RS

2 . ®
¢’ M5(t) cos(g —w,t)=c’ M5(t) sina,t,

R =¢°

y

R =

z

R, - Céc luc diéu khién thanh phan, S - Di¢n tich canh 14, p- Mat do khong

gday: R,, R,
khi, V - Téc @6 thiét bi bay, ¢’ - Dao ham hé sé luyc khi dong cua canh 1ai.

Xét truong hop canh lai dang ro le, ham &(t) 14 1 ham logic.

Oy I T+T, <t<IT +T,
Tacla o(t) =1 . . 4)
OiT+T, <t<(i+DT +T,

T 1a chu ky quay cia TBBMK.

[

o
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Céanh lai

Hinh 4. Géc léch canh lai va lyc diéu khién TBBMK.
1. Xét truong hop 1: T1 = T2; Khi nay, o(t) =0; Theo (3) R, =0, R, =0nén khong c6 luc
diéu khién tac dong 1én TBBMK.
Oy 1T <t <IT 4T, )
OIT+T, <t<(i+1T

Ta s& c6 véc to luc diéu khién Ry co gia tri khong d6i con hudng thi thay doi quay trong theo
hudng quay cia TBBMK trong goc quay tir 0 dén wx T2 (hinh 5).

2. Xét truong hop 2: T1 = 0; T2 < T; Khi nay, 5(t) = {

1 %4;\,

Hinh 5. Liec diéu khién khi canh ldi mé géc giGi han trong mét chu ky quay.
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Tir hinh 5 cho thdy vé hudng ciia véc to lyc tong hop trong mot chu ky quay cia TBBMK chi
nam ¢ phia trén mat phang co6 bo 1a duong thang PZ. B¢ xac dinh gia tri 16n nhat cta luc tong
hop, ta xét tiing kénh diéu khién, vdi kénh ngang:

pVZST sz TI2 pVZS T
R, =c’——|d(t)sinew,t=c’ St)sinew t+c’ —— | St)sinw,t 6
o =0 S [o0snat = 22 [ssne e’ 52 [asnat  ©)
,OV2 - s 13
Taco: ¢° J. o(t)sinaw,t <0 nén Rumn dat gid tri 16n nhat la:
T/2
pVZS T2 .
R =C° S(t)sinw,t
= 2% fotysine,
Vs
Vi kénh dimg: R, =c’ 'DTI(S' (t)cosw,t
0
2 T/4 2.3T/4 2
.oV s Vs
R = j5(t)sm a)xlt+c"p— I S(t)sin e tc’ P f S(t)sinw, (7)
2 T/4 2 3T/4
i 2_.3T/4
Taco: ¢’ _[ o(t)cosm,t <0 nén Ryn dat gia tri 16n nhat la:
Ti4
VZ T/4 ) VZS T ) VZS T/4
R max =€’ '0 J‘ Stycosw, t+c’ 2 j S(tycosam t =¢’ 22> I S(t)cosaw,t
3T/4 -T/4

Nhu vy, gia tri luc tong hop ca theo kénh dung va kénh ngang déu dat muc 16n nhit trong
mot nira chu ky quay TBBMK.

5, iT+T1<t<iT+T,

> : (8)

3. Xét truong hop tong quat: 0 < T1 < T2 < T1+T/2;5(t) =
SHOP e d ® {O;iT+T2<t<(|+1)T+T1

Biéu db luc diéu khién duoc thé hi¢n trén hinh 6. Trong d6, ¢ =— - o,T,
2

Y Re A v A Y A Y
Rawt

VANV ZEEN\ o

Rakn
Hinh 6. Liec diéu khién tong hop véi cdc géc ¢ khdc nhau.

Bing viéc thay d6i goc pha ¢ tir 0 dén 21T cho phép thay d6i hudng luc diéu khién tong hop

TBBMK tir 0 dén 27 (hinh 6). Luc diéu khién tong hop ¢ gia tri Rawn; goc pha luc didu khién

@ :(p+>d(-l—£-l—1):(p+zr, that Vay:

Gia sir goc pha ciia lyc diéu khién 1a ¢, = q)+ﬂ thi véi mdi Ray dugc phan tich thanh hai
2

thanh phan: Thanh phan tiép tuyén Rk chiéu trén véc to Raxn va thanh phan phép tuyén R
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chiéu 1én véc to phap tuyén R vudng goc véi véc to Rawn (hinh 7). Khi ndy ta co:

1
Nz

1
P+,

0 27 0 2"
T
R,a = Ru f cosg, +R, _f cosg, =2R, J' cosg, =2R, I cos(z—%)
1 0 1 ?

—¢ -9,
2 27"

1 1
W*E(O,

R[Tkth = 2de J.
?

1

0,
Vs ¢ . ; pV7s? .
devlh :CJT J 5ghsm(pdk_ch I 5gh5|n¢)dk =0
1 0

-
2

Nhu viy, tong hop thanh phan lyc diéu khién phép
tuyén c6 gia tri bang 0 va chi con thanh phan lyc tong hop
Iy diéu khién tiép tuyén Raem c6 gia tri tinh theo cong thirc
(9) va c6 goc pha la:

0. 7 T,-T, 1
f/’m:(ﬂ‘*?:(z_ 2 125(72'—C()X1(T2+T1))-

Tir két qua khao sat trén so sanh véi phuong phap diéu
khién str dung may 14i ro le hai cuc tinh va may 14i lién tuc
[2] duoc tong hop lai trong bang 1 cho thay phuong phap
diéu khién bang may lai ro le don cuc da két hop duogc
nhing wu ca hai phuong phap diéu khién kia.

N

2 2
sing, =2R, J sing, =2R, (—c03¢j)|

0

1

Nz

. 0
. =2de(1—cos?) 9

(10)

Hinh 7. Cac thanh phan cia lyc
diéu khién tong quat.

Bing 1. So sanh cdc phwong phdp diéu khién TBBMK.

hwong phap
Pic tinh

Pi¢u khién bing may lai ro
le 2 cwe tinh

Piéu khién bang may lai
chuyén dfng lién tuc

Piéu khién bing may
14i ro le don cuc

Két hop viéc chuyén goc mo
canh 1ai & goc +dgnh va - dgn
véi goc quay quanh truc doc
tén Ira [2].

Phuong phap thay
d6i huéng vecto
luc phap tuyén

Thay ddi goc pha ctia ham
diéu hoa m¢ canh lai [2].

Thay d6i goc pha mo
canh lai +3g, ban dau.

- Dung tin hiéu tuyén tinh
két hop voi thoi diém mo
canh 1ai & +8gn VA -8gn dé
thay ddi do 16n véc to phap
tuyén trung binh mét chu ky
tr 0-Frmax [2];

- Khéng tao duoc vecto luc
phap tuyén tic thoi bing
khong dan dén do trugt TBB
khong tién dugc vé khong,
TBB luon dao dong ké ca
khi khong d6i hudng tao
thanh quy dao hinh xoan dc

Phuong phap thay
doi do lénrvecto
luc phap tuyen

- Canh 141 chi ¢ hai trang
thai +8¢r VA - Sgn nén co két
chu don gian, do tr& nho va
tiéu thu dién it [2].

- Thay d6i bién do goc mo
& theo ham tuan hoan co
tan sd bang tan s6 quay
cua qua dan [2];

- Tao dugc vecto lyc phap
tuyén tirc thoi bang khong
nén do truot thiét bi bay c6
thé bang khong va loai bo
dao dong khi TBB khong
d6i hudéng giup tiét kiem
nhién li¢u. [2].

[2]. - Phai dung co cau may lai
dong co dién co cong sudt
16n véi ciu tao phirc tap va
t6n dién nang.

- Thay d6i thoi gian
mé canh lai & +8gy dé
thay doi do 16n véc to
phap tuyén trung binh
mot chu ky tir 0-Fax;

- Tao duogc vecto luc
phap tuyén tic thoi
bang khong nén do
trugt thiét bi bay co thé
bang khong va loai bo
dao dong khi TBB
khong doi hudng gitp
tiét kiém nhién lidu.

- Céanh lai chi ¢ hai
trang thai +3g va 0
nén c6 két cdu don
gian, d6 tré nho va tiéu
thu dién it.

Phuong phap 1dp | - Tuyén tinh hoa tin hiéu sai

- Khong phai dung tin hi¢u

- Khéng phai dung tin
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1énh diéu khién

s0 dé lap lénh diéu khién
bang tin hiéu tuyén tinh c6
tan sO gip doi tan sd quanh
cua qua dan [2].

tuyén tinh nén giup don
gian hda lam tang dd tin
cay [2].

hiéu tuyén tinh nén
giup don gian hoa lam
tang do tin cay.

4. KHAO SAT PANH GIA PIEU KHIEN TBBMK BANG MAY LAI RO LE PON CUC

Tir nhimg phan tich & trén, xay dung mé hinh khao sat danh gia diéu khién TBBMK bang may 1ai
ro le don cyc ta ap dung trén mo hinh TBBMK co ban ¢6 khéi luong ban dau m, = 10 kg. TBBMK
bay d4 dat van toc 6n dinh V = 500 m/s va van toc quay quanh than @,, = 20 v/s. Cac hé sb khi dong
hoc ctia TBBMK dugc tinh so bd theo cic phuong phap gan ding cua khi dong hoc voi day cung khi
dong trung binh b,= 0.1 m, dién tich canh S¢= 0,01 m? va duong kinh D = 0,07 m. C4&c m0 men quan
tinh & 1a Jxa = 0,007 kg.m? va Jy1 = Jn = 2 kg.m?. So d6 md phong chuyén dong TBBMK duoc xay
dung trén m6 hinh matlab simulink nhu hinh 8. Két qua mo phc")ng‘thu dugc the hién tai hinh 9, 10 va
11 lan lugt cho cac truong hop thoi gian mé canh 1ai bang mét phan tu chu ky, bang mot ntra chu ky
va bang ba phan tur chu ky. Trong truong hop a) 1a goc pha ban du mé canh 1ai bang khong (canh 1ai
trung véi mat phang ngang va gbc m¢ canh 1ai tao lyc m6 mem duong); trudng hop b), ¢) va d) lan
luot twong tmg voi goc pha ban dau bang -n/2; -m; va -3m/4.

Thoi gian mo canh lai
Tao tin hieu may lai ro le don cuc

x

Coswt

M1

/\

T

Pha canh lai

n, .

Sinwt

Y

ox

Constant

U W NS

Gaind

Integrator3

(I

o[,

Hinh 8. M6 phong chuyén déng ciia TBBMK bang Matlab Simulink.
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Hinh 9. Toa do TBB khi thoi gian mo canh lai bang % chu ky quay
T T
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c) c)

Hinh 10. Toa dg TBB khi thoi gian mé canh lai bang nika chu ky quay.
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Hinh 11. Toa dg TBB khi thoi gian mé canh ldi bang ba phan tw chu ky quay.

Két qua md phong thu duge cho thiy sir dung may 14i ro le don cuc diéu khién dugc TBBMK
theo ca kénh tim va kénh hudng ca vé mirc do va chidu. Bang viéc thay doi thoi gian mé canh lai
trong mot chu ky quay cho phép thay ddi do 16n cia mé men diéu khién tac dong 1én TBBMK
lam thay ddi d6 1éch vé hudng va tim cua TBB. Do 16n ciia md men diéu khién dat duoc gié tri
16n nhét khi thoi gian canh 14i bang mét nira chu ky quay cia TBBMK. Bing viéc thay doi thoi
diém (pha) cho phép thay d6i huéng TBBMK dbi v6i ca kénh tim va kénh hudng.

5. KET LUAN

Bai bao di phan tich qua trinh tao 1énh va m6 men diéu khién TBBMK. Xay dung cac biéu
thirc toan hoc mé ta lyc diéu khién cia TBBMK cho may 1ai ro le don cuyc. Mo phong dénh gia
phuong phap didu khién tmg dung may 14i ro le don cuc. So véi phuong phap diéu khién may lai
ro le hai cyc (c6 hai vi tri 12 +84n VA -84n) thi phuong phap nay khong phai sir dung tin hiéu tuyén
tinh hoa va c6 thé tao md men diéu khién tirc thoi bang khong trong ca chu ky tén lira quay. Két
qua khao sat da thé hién tinh dung dén cua phwong phap nghién ctru. Trén co s& két qua nghién
ctru d6 s& tién hanh nghién ctru danh gia tinh tac dong nhanh, tinh 6n dinh khi tmg dung may 1ai
ro le don cuc dé co thé phat trién tng dung thiét ké ché tao hé thong didu khién cho TBBMK
trong thuyc té.
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ABSTRACT
Method of control of single channel aircraft by unipole relay steering gear

To control an aircraft in space, aircraft usually have to use two steering gears, one for
the range channel and one for the direction channel. However, with a single-channel
aircraft, only a single steering gear is used for control. By rotating around the body at a
stable speed, it is possible to control the aircraft in all directions with only a single
steering. With the method of controlling the aircraft using a unipole relay steering, it will
allow the use of a simple structure and the fast action of the relay steering, but reduce
oscillations when the aircraft approaches the target. The article will analyze and evaluate
the method of controlling a single-channel aircraft using a unipole relay steering gear.
Compare it with the case when using other steering to give the advantages and
disadvantages of the proposed method.

Keywords: Single-channel control; Single-channel aircraft; Relay steering gear.
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